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ABSTRACT

The interest in porous ceramics has grown rapidly as they have varied properties that
can be exploited in many applications. In this study, porous ceramic from rice husk ash
was prepared by sol-gel technique using yeast as the pore forming agent. The ceramic
has pore volume of 0.3cm®/g and surface area of 165m°/g. Hysteresis loop of the
ceramic shows H1 type which indicates that the ceramic is mesoporous. The
mesoporosity of this ceramic is an outcome from linking channels and pores with
random arrangement of channels due to respiration of the biological agent, yeast. The
linking channels in the microstructure of the ceramic can clearly be seen by SEM. The
use of the porous ceramic as thermal insulating additive in water-based paint was
studied by adding increasing amounts of the ceramic into commercially available water-
based paint, mixed well and coated on metal panels. The resultant paint was then
characterized in terms of thermal conductivity, k-value. The results proved that the
ceramic is a promising material as thermal insulating additive in paint.

INTRODUCTION

It is increasingly difficult to ignore the importance of porous materials in our daily life.
Porous ceramics for example, have found a wide variety of applications including filter
membranes, catalyst support to biomaterials (scaffolds for bone ingrowth) and as
thermal insulator [1-2]. In this paper, porous silica ceramic was synthesized studied as
thermal insulating enhancer in paint. The ability of the ceramic to withstand high
temperature is a strong reason why was chosen. There are a number of different
techniques that can be used to synthesize porous ceramics such as starch consolidation,
and gel casting[3, 4].

Sol gel technique is another technique in preparing porous ceramics. It involves three
general steps which include gel formation, aging and drying[5] In this paper, sol gel
technique using rice husk ash and biological pore forming agent to form porous ceramic
is reported. Yeast has been chosen for this process for the ecological concerns. Besides
being easy to find and can be obtained at low cost. The use of rice husk ash as silica
precursor besides being a cheap and abundant, is an effort to reduce dependence on the
use of hazardous and toxic alkoxide [6] and a means of reducing waste production.
Wheat particles, poppy seeds, stearic acid and poly methyl methacrylate(PMMA),
ammonium bicarbonate and lycopodium spores are among the different types of pore
forming agents that have been used lately [7-10] other than yeast.
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METHODOLOGY

Sample preparation

Rice husk used in the study was obtained from Kompleks Bernas Sekinchan in Kuala
Selangor, Malaysia. The rice husk was first ashed in a furnace at 900°C for 3 hours. Sol-
gel processing has been used to prepare silica ceramic by reacting the ash with sodium
hydroxide (1M) to form sodium silicate solution. The pH of the solution was then
adjusted with sulphuric acid (1M) to form aquagel. Meanwhile, yeast (pore forming
agent) was mixed into sugar solution and allowed to rise for about 5 to 10 minutes at
temperature of about 45-50°C after which it is mixed with the silica gel. The sugar
solution is necessary for yeast to grow and multiply to form porous structure of the
ceramic. The activity of the yeast was stopped after 3 hours by heating. The mixture
was, filtered, and washed with hot water to remove residual sugar and unreacted yeast
and dried in an oven at 110°C for 24 hours. The ceramic was then subjected to heat
treatment at 300, 400,500°C to study the effect of temperature on the pore
characteristics of the ceramic. The ceramic was finally heated at 700°C for 2 hours to
remove residual sugar, yeast and carbonaceous products.

Sample characterization

The prepared silica ceramic was characterized for pore properties using Bruneur-
Emmet-Teller Surface area analyzer (BET Sorptometer BET-201A), microstructure by
1996 LEO ElektonenMicroskopi GmbH, Digital Scanning Mikroscope, thermal
properties by sdt Q60 Thermal Analysis TA Instrument, bulk density using electronic
balance KERN ABJ Balance and thermal conductivity by Thermal Conductivity
Testing Equipment.

RESULTS AND DISCUSSION

Thermal analysis

Figure 1 shows the TGA (thermal gravimetric analysis) diagram of dried ceramic i.e.
before the removal of the organic matter. There are three main stages of thermal
decomposition of the sample. The first corresponding to 10.37 wt. % loss occurred
between 50 to 200°C could be assigned to the elimination of moisture in the sample [12-
13]. The gradual weight loss at the second stage (temperature from 200-693°C)
corresponds to the decomposition of organic matter in the sample. 8.8 wt.% loss
occurring between 600-900°C in stage three is attributed to the rearrangement of the
inorganic matrix after the burn out of the organic components. The temperatures of the
3 burn out stages were used to study the pore characteristics of the sample.
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Figure 1: TGA/DTA diagram of sample after drying at 110°C for 24 hours (before
removal of organic matter)
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Figure 2: TGA diagram of ceramic burned at 700°C for 2 hours (after removal or
organic matter)

Figure 2 is TGA/DTA diagram of the ceramic after the removal of the organic matter at
700°C, 2 hours. As can be seen, even after the sample was subjected to a high
temperature, a weight loss of about 5.3 wt% due to residual moisture could still be
detected. However, 91wt.% of the ceramic was stable up to 1000 °C. This suggests that
this ceramic could withstand temperature up to 1000°C after which the silica ceramic
crystallized.
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Figure 3: Pore characteristic of ceramic (a) at 110°C 24hours (b) 300°C 2hours (c)
400°C 2hours (d) 500°C 2hours

Effect of heating temperature on pore characteristic of ceramic

The temperatures of the three decomposition stages (Figure 1) were used to study the
pore characteristics of the sample. The microstructure of the ceramic additive is as
shown in Figure 3. In Figure 3(a), the pores could hardly be seen maybe because the
bulk of the pore forming agent and other organic matter had not been removed yet.
Pores developed when sample was heated at high temperature. Isolated pores were
observed at high temperatures after the elimination of the organic matter.

Figure 4 shows the scanning electron micrograph of the ceramic after heating at 700°C
for 2 hours. From the micrographs, it can clearly be seen that more pores have
developed with linking channels. The surface area measured using Bruneur-Emmet-
Teller (BET) sorptometer is 165m®/g with pore volume of 0.3cm®/g.
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Figure 5: H1 hysteresis loop of the ceramic

The hysteresis loop of the porous ceramic was of H1 type (Figure 5) which indicates
that the ceramic is mesoporous [14]. The mesoporosity of this ceramic is an outcome of
carbon dioxide gas produced by yeast resulting in linking channels of pores. The more
gas produced, the more pores obtained in the ceramics. The pores are randomly
distributed throughout the sample. The ceramic not only have a random distribution of
particle, but also has various particle sizes ranging from 10-2um, some in sphere shape.

Thermal conductivity of paint

The thermal performance of water-based paint with increasing amounts of the porous
silica ceramic added can be seen through the thermal conductivity (k-value) results in
Figure 6. A material is considered as thermal insulator if the k-value is less than 1 [15]
and for a ceramic, k-value usually lies in the range of 0.5 to 1.5W/mK [16]. Addition of
up to 70wt% showed a decrease of up to 98% in thermal conductivity of paint. The
paint without ceramic additive exhibits the highest k-value (highest thermal conduction)
as compared to ones with ceramic additive. It is evident therefore that by increasing the
amount of porous silica ceramic into the paint, the k-value would decrease with respect
to temperature. The decrease of k-values with respect to the increase in ceramic additive
proves that the additive is the contributor. This is in line result with the TGA/DTA
(Section 3.1) results that shows the ceramic to be able to withstand very high
temperature.

Figure 7, shows the performance of the paint sample added with varying quantities of
porous ceramic additive. The sample with 70wt% porous ceramic additive exhibits the
lowest amount of heat passing through compared to the one without proving the
insulating capability. The lower the percentage of heat passing through the paint layer,
the better the insulating performance.
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Thermal conductivity (k value) of paint added with ceramic additive
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Figure 6: Thermal conductivity (k-value) of paint added with porous silica ceramic as
additive
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Figure 7: Performance of paint additive at 100°C for 3 hours
CONCLUSION
Porous silica ceramic was synthesized via sol gel method using rice husk ash as
precursor and yeast as pore former. Evidence of improved thermal insulating properties

was obtained when the ceramic was added into the paint in varying quantities. The
ceramic successfully reduced the percentage of heat passing through the paint layer by
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4% compared to the one without the porous ceramic.
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